This paper discusses the main drawbacks and enhancements experienced with the design and start up of two full-scale UASB plants in Brazil. The topics addressed are related to blockage of inlet pipes, scum accumulation, seed sludge for the start-up, corrosion and gas leakage, odour generation and sludge management. The paper describes the main improvements achieved.
INTRODUCTION
A deep discussion on the evolution and applicability of the anaerobic technology for the treatment of domestic wastewater is presented in Lettinga et al. (1993) , Seghezzo et al. (1998) , Foresti (2002) , Von Sperling & Chernicharo (2005) and Foresti et al. (2006) , where the several favourable characteristics of the anaerobic process are highlighted.
UASB reactors used for the treatment of domestic wastewater are a consolidated technology in some warm-climate countries, where several full scale plants have been in operation for more than 10 years (population equivalents from a few thousands up to one million inhabitants).
However, in spite of their great advantages and broad application, UASB reactors still have some operational drawbacks that are not completely resolved. If these design and operation drawbacks are not illuminated, the further expansion of the technology and its wider application will be significantly hindered.
The aim of this paper is to address some of the enhancements and drawbacks of the UASB technology when applied to the treatment of domestic wastewater, Notice that the excess aerobic sludge removed from the secondary sedimentation tank is returned to the UASB reactor for thickening and digestion, together with the anaerobic sludge. The mixed sludge removed from the UASB reactor comes out already thickened and stabilized, doi: 10.2166/wst.2009.383 being directly sent to dewatering and final disposal. The main characteristics of those plants are presented in Table 1 . 
RESULTS

Blockage of inlet distribution pipes
This is a recurrent operational problem in various UASB plants. This is related to biological sludge film growth and absorption of particles on it, and also to the entrance of solids not removed in the preliminary treatment. 
Gas seepage tests
Due to the importance of biogas chambers being fully hermetic to allow the use of the pressurised scum removal device, all three-phase separators (of all reactors) of Laboreaux WWTP were tested for gas seepage, according to the following protocol: (i) fill the reactors with water;
(ii) pressurise the three-phase separators; (iii) monitor the pressure decay inside of the biogas chambers; and (iv) verify if admissible pressure losses are in accordance with the criteria presented in Table 2 . Two tests were carried out for each reactor, the first one after completion of the construction and the second after repairs were introduced. Figure 4 shows the results of the two gas seepage tests conducted for reactor 1. The first test indicated severe pressure drops during the whole test, exceeding the maximum allowed pressure loss of
mmwc h
21 (5% of the testing pressure, according to Table 3 ), as showed in Figure 4a . During test 1, gas leakage could be observed in the following main points: (i) through the cracks in the biogas chamber; (ii) through the biogas line; (iii) through the safety valves. After leakages were repaired, a second test was carried out and the results are as shown in Figure 4b . The pressure drop was much lower than the maximum allowed, amounting only 3 mmwc h 21 .
A tendency of stability was also noticed.
Inoculation and performance of the UASB reactors 
Corrosion
Corrosion problems are mainly associated with the H 2 S generated in the anaerobic process. For a given amount of H 2 S produced in the reactor, a parcel will be dissolved in the liquid phase and the remaining will be released to the gas phase, depending upon pH, temperature and the partial pressure inside the reactor. In any case, H 2 S can pose corrosion problems inside the three-phase separator and also in the settler compartment. In advanced stage, corrosion can compromise the structural integrity of the reactor. To cope with this, a protective coating (Polibrid w ) was applied onto the internal concrete surface of all UASB Blockage of inlet distribution pipes Improvement of pre-treatment by using sieves following coarse and medium screens Fewer interventions to clean out the inlet distribution pipes have been noticed. In average, this operation is being carried out on weekly basis, compared with daily basis in other UASB reactors operating without sieves
Better sludge characteristics and fewer rubbish and inert materials have been noticed
Development of special devices to unblock the inlet pipes
The unblocking device showed to be very useful and easy to operate Scum accumulation inside the three-phase separator
Use of three-phase separators with pressurised scum removal devices
The pressurised scum removal device was successfully tested in small scale reactors
For the successfully removal devices is essentially necessarily the biogas systems (biogas line and biogas chambers) must be hermetically sealed to ensure almost none occurrences of biogas leakages
Establishment of guidelines to test biogas seepage
Gas leakages can be a real problem in full-scale reactors and testing the three-phase separator for seepage must be compulsory
The design of proper three-phase separators should be a major concern. The use of different materials (ex. concrete structure and steel piping) should be carefully addressed in order to avoid gas leakage problems
Others potential points of biogas leakage should be carefully verified: the biogas line and the safety valves Use of protective coatings The use of special coatings to avoid corrosion in the upper part of the reactor is a necessity, but some products are highly-priced and should be used with care
Corrosion and gas leakage Use of three-phase separators manufactured with materials resistant to corrosion
The use of mixed materials for the construction of the three-phase separators (ex.: concrete in the upper part and canvas in the tilted section) can lower the costs, but care should be taken with gas leakage and canvas fixing. Fibreglass is a good option but quality control of the material is difficult to guarantee
The use of different materials in the three-phase separator (ex.: concrete walls and steel tubes) can pose difficulties in keeping a gas tight compartment Odour generation Use of devices for collection and treatment of waste gas
The provision of piping for the exhaustion of the waste gas released from the settler compartments can be implemented during construction. If necessary, the waste gas treatment unit can be implemented in a second stage Sludge management Tests to adjust dosing and type of chemical conditioning
Development of tests to define the type of polymer and doses are essential. The use of powder polymer seems to be more appropriate for anaerobic sludge reactors of both WWTP. So far, after 3 years of operation, no signs of corrosion were observed in the reactors.
However, the cost of this product is considerably high and the application requires a great expertise for handling procedures at the time of its application. Regarding the three-phase separators, materials more resistant to corrosion were used, a fibreglass and canvas. However, when the three-phase separators are built with two different materials, special attention for seepage is necessary.
Odour generation
Odour control and treatment was a concern, with the reactors of both treatment plants being covered. Although pipelines for exhaustion of the waste gas were implemented, the treatment units (biofilters) were not constructed since no complaints regarding odours were reported so far. The possible occurrence of odour when the effluent of the UASB reactor is distributed on the surface of trickling filters was not observed.
Sludge management
Sludge management problems are usually associated with the discharge routine and with mechanized dehydration Altogether, these problems can result in interruptions of Table 3 shows a summary of the main drawbacks and enhancements discussed in this paper.
Summary of drawbacks and enhancements
CONCLUSION
The one year experience with each of those two full scale UASB plants has shown that many improvements have been made, what makes the process more reliable, efficient and also better accepted by the community. However, the remaining drawbacks are still a matter of concern and calls for more research and for the establishment of adequate guidelines for the design, construction and operation of such reactors.
Significant differences on reactor's performance during the start up were only observed for the first 40 days of operation. After 80 days all reactors presented similar behaviour. Hence, the start up of UASB with reduced amount of seed sludge (or even none) seems to be an attractive alternative, due to the difficulties and costs involved in the inoculation of large scale UASB reactors.
The lower efficiencies observed during the first months can be compensated by the post-treatment unit.
Important aspects regarding the design, construction and operation of UASB reactors are related to the removal of solids in the preliminary treatment, use of proper devices for scum removal and management, use of proper protective coatings against corrosion, implementation of gas leakage tests to prevent gas seepage and odour emission, as well as the adequate management of the excess sludge.
